Background: Previous studies have indicated a high prevalence of generalized anxiety disorder (GAD) in women with anorexia nervosa (AN). However, the shared genetic and environmental components of these disorders have not been explored. This study seeks to elucidate the shared genetic and environmental components between GAD and AN. Method: Using 2,083 women from the Virginia Adult Twin Study of Psychiatric and Substance Use Disorders, structural equation modeling was used to obtain maximum likelihood estimates of the environmental genetic, shared and unique environmental components in 496 women with GAD, 47 women with AN, 43 women with GAD1AN, and 1,497 women without GAD or AN. Results: Results show that the heritability of GAD was 0.32 and AN was 0.31, and the genetic correlation between the two disorders was 0.20, indicating a modest genetic contribution to their comorbidity. Unique environment estimate was 0.68 for GAD and 0.69 for AN, with a unique environmental correlation of 0.18. All common environmental parameters were estimated at zero. Conclusions: The modest shared genetic and unique environmental liability to both disorders may help explain the high prevalence of GAD in women with AN. This knowledge could help in the treatment and prevention of comorbid disorders. Depression and Anxiety 28:728-733, 2011. 
INTRODUCTION
Generalized anxiety disorder (GAD) and anorexia nervosa (AN) are significant psychological disorders that share certain features and are frequently comorbid. The comorbidity between anxiety and anxiety disorders, in general, and AN has been well established. [1] [2] [3] [4] [5] Specifically, comorbidity estimates for GAD and AN have suggested up to 40% of women with AN also have a lifetime history of GAD. [1] Women with AN were more than six times more likely than women without AN to have GAD [4, 6] and, conversely, women with GAD were approximately six times more likely to have AN than women without GAD. [6] Anxiety disorders tend to predate the development of AN, [2, 5, 7] making it likely that GAD would precede AN and biologically plausible that GAD and AN share some genetic factors.
Two potential hypotheses to explain the relationship between these disorders are as follows: (1) there is a common etiologic factor between GAD and AN or (2) there is a phenotypic causal relationship between GAD and AN. If there is a common etiologic factor between GAD and AN, we would expect to see random onset of GAD and AN, mainly AN would not tend to come after GAD or GAD would not tend to come after AN. Given GAD tends to onset before AN [2, 5, 7] and heritability estimates and prevalence estimates differ substantially, it seems more likely that there is a phenotypic causal relationship between GAD and AN, evidenced by certain phenotypic commonalities.
The notion that GAD and AN share core genetic or environmental factors are supported by phenotypic similarities between the two disorders. Along with high comorbidity, the notion that GAD and AN share some common factors is supported by similar characteristics shared by women with GAD and AN. For example, it has been hypothesized that caloric restriction [6, 8, 9] and exercise [10, 11] are anxiolytic for some individuals. Within women with AN, a relationship between high childhood anxiety and low body mass index (BMI) in the context of AN was mediated through caloric restriction. [9] Higher anxiety was also noted in women with AN who were deemed ''excessive exercisers.'' [12] If caloric restriction and excessive exercise are anxiolytic for a subgroup of individuals, it is biologically plausible that this hypothesis would extend to others who exhibit anxiety. This is supported by one study which showed women with GAD and no AN were more likely to engage in fasting and excessive exercise than women without GAD and without AN. [6] Since women with both disorder engage in similar behaviors, but to different extents, it is likely that the two disorders share some genetic and environmental features.
The prevalence of GAD and AN differ substantially; full Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) GAD affects approximately 4.1% of individuals, [13] using 1-month GAD criteria prevalence is estimated at 7.5% of individuals, [14] and AN affects less than 1% of the population lifetime. [15] However, both disorders tend to show higher prevalence in females, [13, 15, 16] are associated with high suicidality, [17, 18] and tend to aggregate in families. [19, 20] Heritability estimates indicated that GAD may have a similar or smaller genetic component than AN. Twin studies have shown heritability estimates ranging from 0.22 to 0.37 for GAD [19, 21, 22] and from 0.22 to more than 0.70 for AN. [23] [24] [25] Despite the high comorbidity and phenotypic similarities between GAD and AN, thus far few twin studies have explored the shared genetic and environmental components of anxiety and eating disorders. Results of one study indicate that there may be common genetic factors in the development of overanxious disorder, separation anxiety disorder, depression, and eating disorders. [26] Results of a separate study suggested a common genetic factor for phobias, panic disorder, and bulimia nervosa could exist. [27] In another approach, using only monozygotic (MZ) twins discordant for any eating disorder, results showed possible shared transmission of anxiety and eating disorders. [28] Despite the high comorbidity between GAD and AN, to the best of the authors' knowledge no studies have specifically examined shared genetic and environmental factors between GAD and AN. Therefore, the aim of this study is to determine the magnitude of shared genetic and environmental components between these disorders. Identifying shared components of GAD and AN could provide additional information about the nature of the comorbidity between these disorders. This information could be helpful in the prevention and treatment of GAD and AN alone and comorbid with one another.
MATERIALS AND METHODS

PARTICIPANTS
Participants for this study were a subset from the Virginia Adult Twin Study of Psychiatric and Substance Use Disorders, described earlier. [29, 30] Briefly, this study consisted of 2,163 individuals from female-female twin pairs who completed the Stress and Coping Virginia Twin Project interview in person (89%) or by telephone (11%), had a nonmissing GAD or AN diagnosis, and were classified as MZ or dizygotic (DZ) twins. This yielded a final sample of 2,083 women (99% of the original sample).
ZYGOSITY DETERMINATION
Zygosity determination was based on standard questions regarding how alike the twins were as children, [31] photographs of the twins, and DNA samples. [32] This methodology has previously been described. [30] MEASURES Anorexia nervosa-like syndrome. Participants were asked several questions concerning eating habits, including: (1) Have you ever had a time in your life where you weighed much less than other people thought you ought to weigh?; (2) At that time, were you very afraid that you could become fat?; and (3) At your lowest weight, how did you think you looked? Did you still feel that you were too fat or that part of your body was too fat? Participants had to have answered ''yes'' to the first question to be asked the second and third questions and had to have answered ''yes'' to all three questions to be considered to have AN. These questions roughly map onto the DSM-IIIR diagnostic criteria for AN. [33] There were 90 women (4.3%) meeting this diagnosis.
Although these criteria for AN are not ideal, they are supported for several reasons. First, to compensate for the low prevalence of AN, the diagnostic criteria often need to be modified for research purposes. [23] Second, throughout the history of DSM, the diagnostic criteria for AN have changed substantially. For example, criterion A for AN has changed from substantial weight loss amounting to 25% of body weight [34] to 85% of ideal body weight; [33] changes to this criterion are currently being debated in DSM-V. Criteria B and C have also undergone changes and additional changes are expected in DSM-V. Third, many similarities have been shown between individuals meeting and not meeting full diagnostic criteria for AN. For example, individuals meeting and not meeting the weight criterion (criterion A) have been shown to be quite similar, [35] so we allowed question 1 to serve as a proxy for underweight. Criterion D (amenorrhea) was not required; it has been previously shown that women meeting and not meeting criterion D are similar, and criterion D is frequently excluded as a requirement for inclusion in research studies. [23] Fourth, criteria used in this study are considered to include individuals with definite, possible, or probable AN, [4] and are more inclusive than many criteria used for AN. [24, 28, 36, 37] Generalized anxiety disorder. As described in previously, [29] GAD was considered present if women met an adapted version of the Structured Clinical Interview for DSM-IIIR. [38] The 1-month criteria previously described [29] was used for this study since there are strong similarities between individuals meeting the 1-month and 6-month GAD criteria. [14, 29, 39] In these samples, 539 women (25.8%) met criterion for GAD.
Statistical methods. Mean [standard deviations (SD)] were calculated for age. Logistic regression analyses were used to compute odds ratios and 95% confidence intervals of having AN if GAD was present or having GAD if AN was present. Generalized estimating equation corrections were applied to account for the nonindependence of the data due to the inclusion of cotwins.
Biometrical twin modeling was conducted in OpenMx using the basic tenets of twin modeling. MZ twins share all genetic material (a 2 ) and DZ twins share roughly half of the genetic material, common environmental factors (c 2 ; e.g., going on vacation with parents as a child) are shared equally by MZ and DZ twins, and unique environmental factors (e 2 ; e.g., going to different colleges) are not shared by MZ or DZ twins; error is included with the e 2 parameter. Different patterns of twin resemblance are predicted by the parameters of the genetic model. [40, 41] A Cholesky Decomposition was used to estimate the unique and shared genetic, common environmental, and unique components of GAD and AN (Fig. 1) . This model contains direct paths from the first genetic, common environmental, and unique environmental factors to the first phenotype and cross paths to the second phenotype. The second genetic, common environmental, and unique environmental factors contain paths only to the second phenotype. This allows for the estimation of the unique and shared parameters. Since GAD tends to predate AN, GAD was entered into the model first followed by AN. Several submodels were then fit to determine whether an equally fitting, more parsimonious model exited.
Next, a common factor model was fit to provide better understanding of the relationship between GAD and AN constructs. In this model, we estimated how strongly GAD and each of the AN constructs loaded on a single common factor.
Raw data were analyzed directly using full information maximum likelihood. This methodology eliminates the need for two-stage estimation procedures and is a convenient way to handle missing data. [41] All statistical analyses were conducted in the R software version 2.12.0; [42] all twin modeling was conducted using OpenMx version 1.0.3. [43] The 95% confidence intervals for odds ratios were based on standard errors, whereas those for biometrical twin modeling were based on maximum likelihood estimates. [44] 
RESULTS
The mean age of the sample was 29.6 (7.6), the mean age of women in each group were as follows: GAD only (n 5 496; 23.8%) 31.5 (7.6), AN only (n 5 47; 2.3%) 25.9 (5.7), GAD1AN (n 5 43; 2.0%) 27.7 (6.1), and no GAD or AN (n 5 1,497; 71.9%) 29.1 (7.5). In this sample, 8% of women with GAD had AN, and conversely 48% of the women with AN had GAD. The odds ratio of having AN if GAD was present was 1.8 (95% confidence interval 1.2-2.8; Po0.01), and conversely the odds of having GAD if AN was present was 1.8 (95% confidence interval 1.2-2.8; Po0.01).
Fit statistics for biometrical modeling are contained in Table 1 . Given we had low statistical power to distinguish between models and that the C parameters in the full ACE model were estimated at approximately zero, results discussed are for the AE model with correlation of both genetic and unique environmental parameters. Parameter estimates for all models tested are shown in Table 2 . For the AE model, heritability estimate for GAD was 0.32 and AN was 0.31. Estimates indicate that the genetic correlation between GAD and AN was 0.20 and the environmental correlation was 0.18. It should be noted that the confidence intervals for the shared correlation between GAD and AN were wide and crossed zero. The best-fit submodel had more narrow confidence intervals for this parameter and did not cross zero, indicating this parameter may be important.
Results of the common factor model are in accord with results of the Cholesky decomposition. There, results indicate that the three AN constructs measured load heavily onto a common factor. GAD also shows some loading onto this factor, but to a lesser degree than the AN constructs. The factor loading for GAD was 0.25 (Table 3) . Ddf P AIC ACE-ACE, r a r c r e 2,826 2900.9 n/a n/a n/a À2,751.1 AE-AE, r a r e 2,829 2900. 
DISCUSSION
Results of this study showed heritability point estimates in the range of univariate analyses for both GAD and AN, [19, [21] [22] [23] [24] and augment previous literature by indicating that GAD and AN share modest genetic and unique environmental liability. In this study, the shared environmental components were estimated at zero for GAD and AN. There are several potential explanations of these findings.
First, although low BMI is characteristic of AN, it is not always characteristic of GAD. Although some studies have shown an inverse relation between GAD and overweight, [45] other studies showed that individuals with GAD were more likely to be overweight than normal weight. [46] Furthermore, individuals with GAD had lower adult lowest BMIs and higher adult (nonpregnancy) highest BMIs than women without an anxiety disorder. [6] This could indicate that individuals with GAD are a quite heterogenous group. If this is the case, the form of GAD that manifests with low BMI and weight loss behaviors may represent the minority of those with GAD and be overrepresented among individuals with AN. Therefore, it is possible that the shared genetic and unique environmental components between GAD and AN in epidemiological samples would be moderate, but quite large if studying the subgroup of individuals with GAD who have low BMIs and AN-like behaviors.
Second, this study differs from at least one other, in that individuals with anxiety disorders other than GAD without also having GAD could have been included in each group. [6] Therefore, individuals with AN and another anxiety disorder would have been included in the group of individuals with just AN and individuals with no AN and an anxiety disorder other than GAD would have been included in the group of individuals with no disorder. Given the known phenotypic and genetic overlap between anxiety disorders, inclusion of these individuals could have confounded results and might result in smaller estimates of shared genetic and unique environmental liability between disorders. Since previous studies indicated that approximately 83% of individuals with AN had an anxiety disorder at some point in their life and that not all of these individuals have GAD specifically, [2] it is likely that anxiety, in general, shares liability with AN and perhaps not GAD specifically. Third, although both the genetic and environmental shared liabilities were modest, overall results suggest that GAD and AN share an appreciable percentage of liability. In fact, in the best fit model, genetic liability was estimated at 0.44. The genetic liability between GAD and AN could be quite significant and may help explain why so many individuals with AN have GAD. The unique environmental overlap could suggest that certain environments are more conducive to the development of both disorders; however, it is possible that individuals with comorbid disorders are more likely to seek out this sort of environment than other individuals. Given that a much smaller percentage of individuals with GAD exhibit AN, it is not surprising that there is not more overlap between genes. In addition, it is possible that a higher degree of genetic overlap may occur between symptoms the two disorders share.
Fourth, it is possible that the Cholesky decomposition was not the most appropriate model to study this relationship. Neale and Kendler describe 12 different comorbidity models. [47] Since there is considerably high comorbidity between GAD and AN and the tendency for anxiety to precede the development of AN, it is possible the GAD causes AN model to may have been a better fit. High prevalence of fasting and excessive exercise noted in both GAD and AN [6] could also indicate that these are two forms of the same disorder and an alternate forms model could have been a better fit. The high comorbidity between the disorders could indicate the random or extreme multiformity models would be most appropriate. However, due to the low prevalence of AN, we did not have statistical power to fit these models.
LIMITATIONS
The results of this study must be viewed with caution because of study limitations. First, although diagnoses were similar to DSM-IIIR, the criteria used might not have been precise enough to obtain clinical diagnoses of GAD or AN. Second, individuals who participated in this study might be inherently different from individuals who chose not to participate. For example, this study consisted of primarily Caucasian women and only twins were included. Third, results of this study may not generalize past female twins born between 1934 and 1971 in mid-Atlantic states. Fourth, the study was underpowered, and as a result, confidence intervals for AN and shared genetic correlation between GAD and AN were quite large. Confidence intervals of this size are not uncommon for studies of AN. [23, 48] The prevalence of these disorders was also higher than seen in some other epidemiologic samples, but this study used clinically trained interviewers to arrive at diagnosis. It is likely that these diagnoses were more accurate than epidemiological self-report data and unlikely that these disorders were overdiagnosed. Fifth, we did not have information on caloric restriction and exercise, so could not confirm that individuals with GAD in this sample are more likely to engage in those behaviors than women with no disorder nor could we evaluate genetic correlation at the behavioral or symptom level. Sixth, we do not have interrater reliability measures for these data.
CONCLUSION
This study suggests that GAD and AN share a modest portion of genetic and unique environmental liability and these seem responsible for the comorbidity between GAD and AN.
